


f 


j! S nN 
iby 4 ‘ ts Me , 









Institutional Archive of the Naval Postgraduate School 


Calhoun: The NPS Institutional Archive 
DSpace Repository 


Theses and Dissertations 1. Thesis and Dissertation Collection, all items 


1960 


Synoptic climatology of Pacific surface 
weather types. 


Nagel, Harold A. 


Monterey, California. Naval Postgraduate School 


http://ndl.handle.net/10945/13236 


Downloaded from NPS Archive: Calhoun 


| Calhoun is the Naval Postgraduate School's public access digital repository for 
F (8 D U DLEY research materials and institutional publications created by the NPS community. 
«ist | | Calhoun is named for Professor of Mathematics Guy K. Calhoun, NPS'‘s first 


lil \ KNOX appointed -— and published -—- scholarly author. 


http://www.nps.edu/library 






LIBRARY Dudley Knox Library / Naval Postgraduate School 
411 Dyer Road / 1 University Circle 
Monterey, California USA 93943 


NPS ARCHIVE 


1960 
NAGEL, H. 





SYNOPTIC CLIMATOLOGY OF 
PACIFIC SURFACE WEATHER TYPES 


HAROLD A. NAGEL 


Library 
U.S. Naval Postdraduate School 


Monterey, California 














= : = - 
- ® =} > = 
) s , « é 
ses J oo s « - 
°F 
4 ° — 
> a) . bad 








OYNCr TLC CLIMATOLOGY 


CF yACIFIC SURFACE wEATHER TYFES 


Harold A. Nagel 


c/—— iis my | Al 





SYNCPTIC CLIMATOLOGY 


OF PACIFIC SURFACE WEATHER TYPES 


Hemold A. Nagel 
1960 


UNITED STAT#S NAVAL POSTGRADUATE SCHOOL 


Deeree: Waster of Sciénce in Weteorolory 
Classification: 

Thesis; Unclassified 

Abstract: Unclassified 

TitYe of Thesis: Unclassified 


Contains no proprietary information 





SYNCPTIC CLIMATOLOGY 
OF PACIFIC SURFACE WHATHER TYPES 


by 
Havol@ A. hae 
/ 


Lieutenant, United States Navy 


3 


submit@ed in partial fulfillment of 
the reoulrements for the Gdegrée of 


MAST&R OF SCIENCE 
IN 
METEGRCLOGY 


United States Naval Postgraduate School 
pentercy, Californie 


1960 





Lihrary 


UlSeVevc! Posigvadmatc School 


RiCutcrey, California 


SYRO 


OF rACISIC 


eee) SA eOGY 


Gfesn nh Baar ee wpe 
Svar JE Soe tut SS ea 


by 


Harold &i Nagel 


This work is eccepted as fulfilling 


the thesis requirements for the cefrce of 


MPSTER Cr SCI BRCM 


United States 


IN 
me CHOROLOGS 
from the 


MWeveal Postereduate School 





ABSThactT 


recent advances in weathker-type jevelorment kave used the 
peewee leveleas 9a basis for typing systems. FEefore practical 
Peer cavions of these weather types can te made, particularly 
at the surface, additional informaticn atout the associated 
meri ace patterns is necessary. To augment recent upper 3ir 
Weather-type classifications with more detailed surface infor- 
mation, a statistical analysis is made cf various surface char- 
acteristics and presented in mean-track charts, tables, ¢raphs, 
and indivicual modal cyclone models. 
The author is deeply indebted to Professor W. wv. Duthie, 
Cheirman, Department of Meteorology and Oceanorraphy, for his 


Mempiul SumGestionSin the preparation of this tlesis, 
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Iw Introduction 

A major objective in the field of westher forecestine 
today is thet of improving the accuracy of extended or long- 
ranee forecasting. Present forecasts for periods up to 48 
hours, termed “short range", have been determined to be hirhly 
reliable, but extended forecasts for five-day periods or 
longer frequently prove to be erroneous. Several methods 
Nave veen developed over the pest decrdes; these methods 
are based primarily on (1) statisticel enelysis, (2) weether 
typine end analogs, end (3) physicel end dynemic principles. 
Through the extensive efforts of Krick [@] and Elliott(e & 3], 
while et Celifornia Institute of Technology, weather-type 
classificetions were established for the North American con- 
tinent. 

Expanding upon Elliott's North American type classi- 
fications, Hollend and Mills [7] developed a classification 
method for weather typing the entire Northern Hemisphere. 

A potential practical application of the type-clessi- 
fication method came into being with the establishment of 
the Optimum Ship Routing Program [8] »- he necessity of 
forecasting sea and swell conditions for determining least- 
time tracks depends on the ability to make an accurate weather 
forecast for the estimated time en route. Under present con- 
ditions the minimum-time-en-route tracks sre prepered using 
five-day weether forecasts, and the estimated least-time 
track is constructed for a three-day period. In a trans- 


Pacific crossing, particularly with e slow vessel, the en- 
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route time may be two weeks or longer. Durine this time, 
the general weather pattern may change radicelly, necessi- 
teting a wide diversion of the vessel from its leest-time 
track, thus reducing the effectiveness of the Optimum Ship 
Routing Progrem. Essentially, the ideal leest-time track 
can only be realized if the meteorological and oceano- 
graphic factors affecting the vessel's progress can be fore- 
cast with a reasonable degree of accuracy and for the en- 
tire transit period of the vessel. Once adequate extended 
forecasts are achieved, thre sea-state conditions can be re- 
solved md a fon, teniacie peoast-time track constructed. 
Recent advances in computor techniques snd progremming elso 
make numerical methods a potential procedure for deter- 
mining more readily-available routings. 

feo) caeae applications In mind, tais project was 
Gesipned t> expand upon the Holland end Mills Zone = 
i. jojo oer (Pecific) SNe PSS specifically the 
associeted surface patterns, in order to develop methods 
for forecasting the meteorological parameters related to 


wave and swell forecests. 
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2. Development 
In 1944 Gentry [5; developed a surface (sea-level) 


classification system composed of four groups for the 
Pacific Ocean area which were determined by the stability 
of the frontal wave and the existence of a deep low to the 
north. His results included the position of the deep low, 
the frontal wave, and locations of the favorable areas for 
cyclogenesis to occur. The history of the individual storms 
was not evaluated, and due to the absence of 500-mb data no 
association with the upper-air flow was established. 

A month later in the same year, Elliott ticle’, developed 
a system for classifying Pacific weather types. Again the 
absence of upper-air data restricted the system to surface 
data only. Elliott utilized the orientation and location 
of the subtropical highs, the trajectories of low centers, 
polar outbreaks, and the frontal patterns in his classi- 
fication system. Noting seasonal variations, he developed 
14 systems which were.grouped as patterns associated with 
Strong westerly flow, meridional flow, and Pacific complex 
types. Elliott's observations also indicated the existence 
of a storm cycle with a modal period of three days and a 
range of two to six days. 

Following World War II, the interest in the upper atmos- 
vhere gave added impetus to the collection of weather data 
and the importance of the unper-air reference levels was 


soon realized. Elliott /4} made revisions to his earlier 


1A comparison of the Elliott and Holland and Mills types is 
included in Appendix Il. 
é: 
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Wie them typesewhicheimelucded the 500-mb flow pettern, partic- 
ulardy to its steering effect on surface, systems. 

Utilizing seven years of data for the period 1949-1957, 
Holland and Mills [zal developed a weather-type classification 
system based on the S500-mb contour pattern for the entire 
Northern Hemisphere. Their system divided the hemisphere 
i@to four 90° sectors sterting with the 135°E meridian. 

The type classificetions were divided into three major cate- 
gories, (1) zonal, (2) meridional, and (3) blocking, which 
were then subdivided into six or seven sub-types depending 
on the varying degree of zonal flow. However the 500-mb 
pattern elone does not give an adequete description of the 
weather conditions at the surface, particularly the surface 
geostrophic wind field, low-level clouds, and associated wea- 
ther. 

Over wide ocean expanses the absence of orographic irreg- 

ularities and the relatively uniform conditions of the sea- 
surface temperatures are favorable for the existence of a 
more nearly barotropic atmosphere than over continental areas. 
Consequently, good correlation snould result between the 
Ss00-mb pattern and that at the surfece, particularly in the 
steering influence that the 500-mb flow exerts on the sur- 
face cyclones. It has also been generally observed that 

the Gulf of Alaske is a region of predominantly "cold»dynam- 

ic lows, and most cyclones that have their origin in the 
western and mid-Pacific Ocean eventually terminate in the 


Gulf of Alaska low. However, the 500-mb pattern does not 
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offer en eceourate indieetion of the surface pettern intensity. 

With the S500-mb surface relationships in mind, the 
Surface patterns corresponding to the Holland and Mills 
weather types were analyzed with the objective of auementing 
their classification system with more complete information 
of the associatec surface picture. Surface-data analysis 
was limited to the Pacific Ocean area, corresponding to the 
Holland and Mills Zone I sector ani to the winter months, 
Decemoer, January, and Februery, primerily beceuse o% the 
higher frequency of storms during the winter season and for 
potential use in the Northern Pacific area ship-routing 
propmam. 

Initial efforts were directed at obtaining meen charts 
paecdes surface isobaric fikeld of the Pacific Areas Zone [ 
meeeche first, second, and third days of the chronological 
sequence of each type. However, it was soon noted that this 
would result in e@ seasonal meen pattern of the surface pres- 
sure which would not geive an indicetion of the geostrophic 
Meena fiela for a time interval of prectical value for wave 
forecesting. This was obviously due to the veried position 
of the low centers on different cnarts. 

A more feasible approach that served as the basic analy- 
sis of this paper was the construction of modal cyclone models 
for different secuences in the history of a particular 
cyclone. In addition to the cyclone models, storm tracks 
and central-pressure change wee analyzed for modal, limit, 


end renge values. The orientation and innermost closed 





isooar, hereafter referred to as central isobar,of dynemic* 


mien systems end frontel systems were evaluated subjectively. 


* Dynamic refers to a pressure system associated with closed 
isobars through-out the troposphere. 





5. Procedure 
fer the same history series Of weather charts that 

Pemland and Wills used in the development of their type class- 
WPications, grid valués for a 30° latitude x 30° ‘longitude 
area centered on the individual cyclones were recorded for 
the cyclone secuences, The data were zrouped according to 
type and chronological order of the cyclone history. The 
first day of the cyclone life was evaluated as the first day 
that a closed isobar around a surface low east of 125°E longi- 

tude appeared. Normally the first day wes preceded by a 
perceptible depression center frequently asisociated with a 
small perturbation in the quasi-stationary Pane existing 
Demrmeast of Japan. Once the grid values were accumulated 
for each type and sequence, the values at each grid point 
mere inspected for the modal pressure gradient, radie@lly 
meme tae center. The range of values and the vercentbags 
or frequency for the observed sample within 25% of the mode 
were also recorded. The modal pressure-gradient values were 
then plotted on a Northern Hemispheric Series Cnart and 
cyclone models constructed, the function of the cyclone 
mee@eis being to indicates the ori@ntation of thé isebaric 
field, frontal patterns, and the pressure gradient. From 
the pressure «radient and isobaric orientation, the geostro- 
ohic-wind force and direction and the fetch length for deter- 
mining the wave heizht and characteristics may be determined. 
The ranve and ‘25% limits are included to give an indication 


of thé deviation from the mode and an indication of the 
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Peimability of the modal value. 

The 25% limit was selected arbitrarily with its basis 
being the 25% verification limits presently employed in 
ewe luveting ™: ria andspot" forécasts at the U.S. Naval Post= 
mrecuaeve Sefiool, The préssure gradiénts exhibited in the 
comparison table of pressure differences (Appendix IV) and 
in the histograms (Appendix V) were evaluated for a line 
extending cue south from the center. This value was selected 
Since horizontal iemgth unies Berecaual to exsietiy S°, wie, 
enc 15° “increments of latbtuderfrom thescenter, and thewsouth 
semi-circle was considered of greater practical importance 
meuré ferecast®r thanethe semi-errcle north of the» cyelon® 
Cenver. 

To evaluate the movement and deepening of the cyclone 
G@nter, thé’tracks of individual cyclones were grouped by 
type and viotted on the same s@al@ as the Northern Memmi sper 
peries semen. The movement was evaluated in derrees of lati- 
Wmee per Gay. The modal direction was observed subjectively 
mea the numbér of tracks that deviated, for any 24-hour period, 
preater than 30° from the modal cirection was recorded and 
indicated as a perctntage of the total traeks observed, 
Géntral-isobar pressure values were recorded for successive 
days in the history of the cyclone. By observing the sequence 
of pressure changes, central-isobar tendencies were recorded 
and a trend chart constructed (Pig. 8 and Appendix III). 


The Siberian, subtropical, and otter DLlOCKi mas faiene, 
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such as the Alaskan block were evaluated for central isobar, 
[ieiveemee position oOo: the eenter, and orientation of the hich 
Comet Loneitudimel axiseor indications of msridional rid@gin2. 
Tae relative lonrsitude position Was determined by zone. Only 
paeerwan hishs with centers east of 100°E longitude were eva- 
Iuated. The maritime subtropical highs of the Pacific indi- 
Saeom a Dersistent division intc é@ast and Wést lob@s, the 

west sector extending from 150° E to 160°W and the east sector 
from 160° to 125°W.. 

Pronts were eonmtinuatee on thre bemispheric series charts 
and evaluated by a method oe to. thetefior the, diméeticn 
of cyclone trajectories. The construction of the modal cyclone 
models (Appendix VI) required sligfht synoptic smoothins of the 
grid pressure-gradient values and the frontal lines #6 produce 
@ consistent pattern. 

Data were collected for the Kona-type lows , Simociated 
meta blocking systems, that formed to the northwest of the 
Hawaiian Islands. However, an attempt at evaluatins these 
lems indicated # wide deviationwand no definite mod@e, so 


imo informaticn is only includdd subjectively. 





[weeeacription of Types 


[he types described in this section were limited in 
number by the sample size for the Holland and “ills types. 
Sufficient data were available for evaluating two sub-types 
fmoeeach of the three categories, zonal, meridional, and 
blocking, so that a comparison could be made between types 
and sub-types and differences in the observed paréemeters 
noted. In selecting the types to be analyzed it was noted 
that during the winter season certain types were non-existent, 
aes incicating the effects of seasowal changes. The followiag 
types were observed to occur with the greatest frequency, and 
subsequently were the types used in this analysis. The types 
Pe@olyzed and number of days the type persisted during the 


threemmonth period for Zone I is as follows: 


eee FREGUENCY OBSERVED 

SYSTEMS: 
Zone; Z- 1 106 19 
Z-4 45 15 
Blseki ne’ Bee 82 oe 
Be-4 Gal ra fi 
Meridional; R-95 48 ils 
R-6 45 6 


Tae freauency of occurrence Gs Mol imdseabiveso! ca. 
Semple size used for this research, since the types Were wage 
evaluated if they did not persist for tnrée consecutive Cae 
The sample size veried not only between types tut also during 


the five-day seauence. Frequently the number of observations 
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@eaercaced from 20 for Coe first day to 6 and even 1 for the 
ded GS) AS Yun 
The remainder of this section describes the character- 


meowes of the dndividual type patterns. 
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Type 4-1 surface Characteristics 

[nee tyaessuriace pabbernseare: characterized bywa 
broad-scale zonal flow, with the modal cyclone track ori si- 
neta ngewesouth of oe a emo Sismme tle 180° meridian at 43°N 
hatitude and ee im theeGulf of Alaska. The speed 
of advance along this trajectory is approximately 16° lati- 
toe per cay. The Z-1 lows were noticed to be split initio 
Mma? aPOuUlS, ONee@roup originatingesouth of 420K La tantudies 
which was associated with the sast Asiatic-Coast cyclo- 
genesis types II and III [6, pp. 6-15) tre type III lows 
iegeb, Deingencticed as a perturbation of the ouasi-stationary 
ive toe the seuthyofethe Japanése,lslands. The type II cyclorés 
first appeared in the Sea of Japan and either curved northward 
and passed between Honshu and Hokkaido or filled, with new 
Gyetog@enéesis yoccurring about 200 to 500 milet_east of Japan. 
Of 18 observed tracks, two deviated mors than 30° from the 
modal direction of which one curved northward abruptly and 
terminated near the Kamchatka Peninsula and the other curved 
waeean anticyclonic trajectory toward thewsoutheast. The 
second group of lows observed north of 45°N frequently appear- 
eaein thé vicinity of the Sea of Okhotsk and Were of Arctic 
oricin. Of Six observed traijectorbesys five termiyatecern Be 
Bering Sea near the Alaskan coast, and one veered anticyclonic- 
ally to the south and eventually terminated in the Vulf of 
Alaska. The modal value of thes centrads isobarefiom Chenille 
day was 1015 mb and during the five-day history indicated 


the greatest deepening of any of the six types observed. 
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The 2-1 type also had the greatest inténsity, with the pres- 
sure gradient reaching a maximum value on the fourth Gay. 

Frecuently a long frontal wave was observed to exteneé 
from the Aleutian low and trail in a southwesterly direction 
toward the Hawaiicn Islands. (Generally a small low system 
appeared as a perturtation of this frontal system, which was 
imbedded in the strong westerly-flow belt between the sub- 
mropical high and the Aleutian low to the north. Becaus@é of 
the complexity of these patterns and relatively small number 
of occurrences these systems were not included in the modal 
exclone model. 

Tom Central isovar of tiré. Siberian high for the first 
day of this type was 1065 mb and varied irrecularly over the 
G@uration of the type, reaching a maximum modal value of 
i425 7b. The Pacific subtropical high was observed as two 
large elongated cells with a pronounced east-west elongation 
Of the cells. The central isobar was 1020 mb anc indicated 
little variation over a four-day period. The latitude posi- 
tion of the center was noted first at 35°N Latitude and pro- 
gressed southward to a latitude position of 28°N by the fourth 
es. 

By the third day the cyclone could be identified with a 
well-developed occluded front with the warm-sector peak about 
12° latitude south of the center. Fig. l-a displays the mean 
cyclone trajectory and indicates the daily movement and front- 
al develonvment. Thé Sibérian high is displayed for the first 
day of the s@écuencé and thé East Pacific high cell i¢r ime 
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Type Z-4 Surface Characteristics 

Abbhouch the frequency of occurrencesof Z-4 types was 
considerably less than that of the Z-l type, the comparative 
Paap les size for bhe Zed was bighen, indicating the.possitility 
Of a shorter eycle or peériod between cyclones for the Z=4 
type. (This feature was not actually evaluated as a factor.) 
Beomcitection,of cyclone trajectories closely paralleled 
eaes@®.of the Z-1 types, The ratio of deviations from the mean 
track was higher for the 2=4 type; being four out of fifteen 
observations. Three cyclones assumed a large meridional com- 
_— afer time second or third day and terminated in the 
mecimaty of ghe Aleutian Pstands. The fourth cyclon’e Sppeared 
near the Kamchatka Peninsula with a southeast trajectory. 
The Z-4 average speed of advance was 11° latitude per day, 
maich &s notably slower than the Z-4 type eases spetd. The 
eentral isobar as otserved for the first day and the deepen- 
moe for the first 24-hour periodwmwére the sametasethat of the 
Z-a typé. However, the rate of deepening decregsed after thé 
BSeond day and the systems started to fill after the fourth 
day. 

The Siberian Aish was otserved to have a central- 
moobar tendency of 10350 mb thé first cay of the type which 
picreased to 1050 mb during the firet foumeday period, seme@— 
Meat higher than the observed Z-l typ@. Wie wo Pracifie 
subtropical high cells also appear with the Z-4 type. the 
average central pressure of the West Pacific high ce lijeims 
1020 mb and is ™i lilyepe@rsistent. The inital lacicee 
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position is at 30°N end shifts southward to 25°N by the 
fomrtn Cem ligee best Facific high cell had a persistent 
central isobar of 1025 mb and had a mean latitude position 
of S2€°N, with little daily variation during the four-day 
period. The East Pacific ligh cell displayed a predominant 
SW-NE orientation of its major axis, which was more meri- 
Gional than the Z-1 type. Generally, the Western Pacific 
high was nearly the same for both types. 
The @rontel wave of th® 2-4 typ@ was similar to that 
of) the Z-1 type for the first two cays. However, the warm- 
Bector peak of the 2-4 type for thee third day was still near 
the cyclone center. h the fourth day, the system indicates 
a well ceveloped occlusion, with the warm-sector peak at the 
surface lccated 6° to 8° latitude south of the storm center. 
Pig. 2-a shows the cyclone trajectories, highs, énd 
frontal wave A feiine for time Ze4 type surfaee patterns. 


Pigs <->) is a representative chart of the 2-4 type. 
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Type #-5 Surface Characteristics 

Sr-tne three mayor classifications the meridional types 
Semeeiie Lowest frecsuency of occurrence. The mean cyclone 
meeers for the R-5 typé were obsérved to follow a trajectory 
Saetar to that of the zonal-typé cyclones out to 165°E 
men itude’,, where a perceptible meridional trajectory became 
rent. Lie k-o trajectory was observed to be displaced 
farther north than the zonal typ@és by 5° to 79 latitude. At 
the 180th meridian 17 of 18 R-5 type trajectories crossed 
north of 420°N latitude and terminated in the vicinity of the 
Me@eoutian Islands or the Bering sea, whereas nearlv all of 
the zonal types yvassed south of 45° latitude. The speed of 
advance for the R-5 lows along this trajectory was 18° lati- 
tude per day for the first day and decreased to 8° latitude 
meer cay as the cyclon® track curwed northward. The initirel 
pressure was observed as 1010 mb and decreased at the rate 
orelO mo per day for three Gays before filling commenced: 
The pressure-cradient intensity observed for the R=-5 tvpes 
Mas Slmost id’éntical to that for the Z-1l type, except that 
the R-5 cyclones indicated a marked decrease in intensity 
the fourth day. 

The R-5 types also differed from the zonal in the 
existence of a region of cyclogmenesis “east of the 180th 
meridian, There were eisht cas@és of cycleeenesis west of 
the Hawaiian Islands and north of 30°N latitude. The cyclone 
trajectories were noted to be quiere tar inetheir pas 


cut eventually terminated in UUme Gult ofA ia aa. 
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The Siberian high systems observed during the R-5 type 
phases were quite variable in position and central-isobar 
value, but indicated a rising pressure trend. The Pacific 
western lobe of the subtropical anticyclone system was less 
evident for the R-5 type systems than the zonal types. When 
present, the central isobar was 1020 mb and located at 280N, 
Frequently a meridional ridge was observed projectinz north- 
ward from the hirh center. Tre Hastern Pacific hirh was very 
Semsistent in central isobar and latitude position of 1020 mb 
at S/7ON. The orientation of the longitudinal axis was gfener- 
ally from SSW to NNE and fr@quently a lobe was oktserved ex- 
fades into the west coast of North America. 

The R-9 fronts indicated the development of an occlusion 
the second day, and by the third day a well-developed occluded 
front extended 8° of latitude to the SSE fron t..¢ cyclone 
Senver. 

Fig. S-a illustrates the R-5 type surface crhyracterige 
pugisem fig, S-b is a representative chart from the. history 


series of maps. 
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Type #6 Surface Characteristics 

Only eisht type R-5 cyclone systems were available for 
observation as compared to twelve type R-5 systems. The 
Meo type lows appeared in the same general area as those. of 
the R-5 type. However, the R-6 trajectory was more Daa 
Meer individual cyclone tracks indicated a sreater deviation 
from the mean track, with 50% crossine the 180° meridian 

, between 40° and 45°N latitude. Two tracks followed a more 
meridional path passiny close to the Japanese Islands and 
Mmerallel to the coast. The larger observed deviation may 
me accri buted to “the small sample size, 

Five observations of cyclorenesis east of the 180° 
mercdian were characteristic of the meridionel-type patterns, 
Mmewever. The mean lonéitudinal position of cyclozenésis 
occurred at 155°W longitude, 15° farther east than that of 
the R-5 type, and followed a path towards the northeast, with 
a modal sveed of advance of 9° latitude per day. 

The low oricinatine in the. cast@mun Pacistise indaseaved 
small vaviatle chanvres in the central-isotar trend and could 
mot ké evaluated. The deepening trend of the R-5 type was 
identical to that of the Reo type for the first three days, 
followed ty continued dtepéning similar to the zonal types 
bat to a lessé¢r dépree. Tre intensity, sasedeternined by 
the pressure-cradient observations, was observed to averare 
Smb per 5° latitude less than that lot et iemee=. tyes 

Little difference could be @@teeted beiween the R=5 vend 


R=6 type frontal patterns. The R-S type indicated a well- 
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developed occlusion ty the third day, with a meridional extent 
of 49 to 9° of latitude. 

The western lobe of the Pacific subtropical telt was 
centered at a modal latitude position of 27°N latitude with 
a meridional ridee less develcped than that of the R-5 type 
ridge, The eastern Yacific lobe was displaced farther east- 
Mmard than that of the R-5 type with central aréa hirh pressureé 
meouenety, occurrimse Over the North Américan continent. The 
central pressure valu3s for the R-5 type eastern-lobe hichs 
were generally 59 mb less than those of the R-95 type. 

Fig. 4-a illustrates the R-6 type surface characteristics 


ome tig. 4-b is @mn @xamplé chart from the history series maps. 
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Type Be2 Surface Characteristics 

Paeaeeiticn to the Dredominant Elockin= system, a dis- 
Pemeurshing charscteristic of the blockins types is the marked 
mé@ridicnal trajectory. The B-2 trajectories generally fol- 
iewed a vrédominent meridional componént just” after crossing 
the 150°E meridian and entered the Berinc Sea between the 
-‘Komchatka Peninsula and the 180° meridian. Of 21 observed 
mee pectorres, ¢ieht were obs@rvéd to folloW a trajectory 
mevard ene southtasty These were noved to occtr in connecticn 
With & cut-cff iow 68 one@a.or siniple bloe@k at the 500-mb 
serrace, “The fear vement was observed at lO°letitude per 
Gay for the first twenty-four hour period and decreased to 
6° latitude ver day followinr the northward curvature. A 
meron of cyclomenesis» east of thé 180° meridian was notéd 
cerilar to that of the meridional type ~ehemene In most 
Gees thes® lows could be identified as Lona lows ch deere 
also associated witht simple or omega Ltlocks»eend cut-off lows. 
ime center of the area of cyclorenesis for eifht of these 
Kona lows was estimated to be Z20°N latitude and 165° lonri-g 
puee, The cyclone tra jector#ves of thtse lows followed a track 
similar to that of the k-6 type, but displaced 10° latitude 
to the south (see fi,ure:5-a). The deepeniny trend of the 
b-2 type lows indiceted a unique rising trend after the second 
day that cscillated over a S-mb range thereafter. The amount 
of deepening was considerably less than the meridional anda 
Z-1 deepenin;. The pressure gradients as indicated in Ap- 
mendix IV aprear to be several mbtsper 5° latitude less than 
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Meeereridional or zonal types. However, the F-2 type cyclone 
meereree GFend to indicaté that the zonal ¢«rad@ent is atout the 
samés 

The B-2etyps fronts indicated a fsreater deviation than 
peome 10r any other type, with the frontal wave orientation 
meine a more proncunced SW to N& orientation. The B-e2 
fronts indicate occlusions of 3° to 8° latitude the second 
Gay, increasing to 6° to 12° latitude by the third. 

mre most noticéacle haigh-pressure féatwre of the clocking 
moe ae tie extreme Morthward position from thé mean of the 
been «célilsy The B-c type frecuently had a well deweloped 
Met préssure build-up over Alaska that treended to build a 
ridgge.southward near the Aleutian Islancd chain. The western 
Mmrycitic high pressure cell was obsérvéd to appéar near the 
‘amchatka Peninsula, frequently with a proncunced ridge de- 
velopment towards the south. The central isobar of these 
Pieos fluctuated irregularly from day tc dey between 1020 
ang 1040 mb. The centrel isobars of high cells in the eastern 
Pacific were moze stable, with a mean of 1055 mb and an aver- 
age latitude position near 40°N. The ridse of these east 
Peeaiic hign céa@ls Was well devedoptd to the south amd fre= 
quently a ridge connecting the Alaska high was evident. 
The existence of an Alaskan block was noted in three cf seven 


observed samples. 
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Type O74 wuriace Characteristics 

twenty-ei-ht B-4 trajectories were evaluated as compared 
Momcairty-five s-< natns. Tre B-4 trajectory was otserved 
femoplit near Japan With one path, similar to that of the 
meeecype, oassing’ near the Kamchatka Peninsula and the eastern- 
most leg passing east of Adak, Alaska. The trajectories asso- 
ciated with cvclorenesis east of 180° longitude followed an 
extreme meridional component as compared to the Bee tyve tra- 
jectories, terminating near the beginning of the Aleutian 
Island chain. (See Fig. 5-a and $-a), Cf the twenty-eicvht 
meervyed trajectories, seeeeiatee with Asiatic Semst-coast 
cyclorenesis, three were observed to deviate more than 30° 
from the mean tracks, two towards tne southeast and one to- 
merds the northwest. The 8-4 trajectories associated with 
mee none lows Were more erratic than those of the B-2 type. 
The deepening trend of the B-4 type was similar to the meri- 
dional type, except that filling was noted after the third 
may. Tre pressure-gradisnt patterns for the E-4 tyve were 
Sores Similar to those for the B-c type. 

The frontal patterns for the B-4 type"Were similar to 
Gif. B-< type with the exception that frontal occlusions 
were not well developed until the third day. 

A noticeable difference between the Ree and R=4 
mlocking nicshs was the ss freqwent cecurremer wot eas 
Alaska bloek, with only one occurrénce of a block in six 
evaluated periods. The western Pacific a lobe Wace 
observed with a modal central-isobar value of 1020 mb at a 


mean latitude of 3O°ON, The Bastern Pacific tlock was noted 
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Peib@ Staticnaryv, thé mean latitude vosition Sing 
and the central-rressure average between 1025 ani 


mb. A weli-developed ridge extended south or south- 





Ward. 
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Paeemost frequently cccurring types observed were the 
meoeking types with loY cays, followed Ly 151 d«ys of the 
zOnal type and Get dzys of meridional types. The resultant 
factor obtained by taking the ratio of total number of days 
momcnes total number of observed tracks produced a value that 
Sememecpondec favorably to the period histogram which Elliott 


f2, p.17] obtained. The resulte for each type ame indicated 


below: 
De": Z-1 Z-4 R=S Rr-6 Bee R-4 
meaebOors: 6 < 3 i a © 


In the #-6 type cese, only six tracks were evaluated. 

Timer precedin; weather-type dé@scriptions are simmariasd 
meee ok 1 and Firs. 7 and & In déeterminimg an .Sstimation 
fr contidence in these evaluations, consideration must ws 
miven to the sample size of the types evaluated and the re- 
imeaoility of the analyzec historical séries daily maps. 
mervicularly, the sparseness of data and subjectivity in 
fay zing over océan ar@as must Vé,given careful attention. 
The larser reporting network of stations, increased number 
Meo iroratft anc ship reports end the*@évelorcment of upper— 
air observations have resultec in more reliatle analyzed and 
poreeast charts since™1le40. Sineé, Hol iemdea deans | 7, 
Appendix III ] used these more recent charts, their system of 
wéather typins shculd have a mone’ reliagle foundatronw aa 
those of earlier pioneérs in the’ Tiveld, who Weed Galante: 
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e. Conclusions 
it must te clearly apparent that this research is only 
a partial step towards the perfecticn of an operative fore- 
cast method based on entre eypine:  Jseeits ligntted In its 
areal extent anc the seasonal coverage, since only the Pac- 
ific area and winter months were evaluated. Consideration 
must also hegeRAn to the small number of types evaluated, 
Maven were restricted ty the sample anerh OSE each sub-type. 
Inspection revealed that such types as the Z=2,; zee R-4, 
B-5, F-6, and B-7 had a very small occurrence frequency, 
pervicuklariy in Jonuery and February, indicating the import- 
ance of a seasonal, or 6ven monthly, break-down of these types. 
With the additioral date that can be mede available by 
expanding the year group and evaluating for Eolland and Kills 
types, sufficient data should te accumulated to analyze other 
types, aswellas to extend the present investigation to other 
séctors and to increase thé sample size and thus the derree 
of confidence in the types described in this raper. Also 
the similarity between all types as observed in the 120°E to 
170°E sector of the Pacific tend to indicate that a six-sector 
division of the Hemisphere, such as Selfridge, Stevenson, and 
Wood [10 | suggested, is a more practical sector arrangement. 
In retrospect, an objective analysis of the upper-air 
influences, temperseture structure for advective influences, 
and the troad-scale flow characteristics that exist between 
the high and low-pressure cells would give additicnal valuable 
information in the development of a more complete and us6e70. 
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merecast method. Yresent-dayweonputer méthods, such as used 
by weliiridge, stevenson, and Wood [2c] », could b@® prec ranmied 


mo imetude this informeaticn;: this could swbe.particul anlyeeee 


¥, 
a 


meen CS Cevelcpmrent of least-time tracks, used by the 
Cotimum Ship Routine Pmegram. 

Since no compsrison has been msde to the observed 5CC-mb 
rarvemeoers, it iserpcommendedsthat funsbher efforts in this 
field beedirected to correlating parameters. .such ss temp- 
erature, pressure and contour fradient at the surface and 
5CO-mb, surface lows and upper-level waves, and frontal 


characteristics. 
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APPENDIX I 


Elliott's Pacific Weather Types 


Table of Elliott 1 Pacific weather types and corres- 


ponding Holland and Mills 7 types 








Elliott season of maximum zonal Holland and Mills 
—-— occurrence tim! SS 
B Summer zonal alles 
Bs winter > meridional R=-5 
Be summer meridional R-6 
A ease meridional 2° 


l. Type Z-1 trajectory is located Me to 15° of latitude 
farther-south, corresponding to seasonal differences. 

2. The Siberian high extending over the Bering Sea is 
Similar to the type B-2 Alaskan block. The type A trajectory 
in the vicinity of the Hawaiian Islands occurs in the same 


area as that of the Kona lows of the type B-2. 
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APPENDIX V 


HISTOGRAMS OF DISPLACEMENTS, CENTRAI-ISOBAR TENDENCY, ANT 
PRESSURE GRADIENTS 


he 


Histograms of cyclone displacement, central-isobar 


pressure change, and pressure gradient are included as a 


eraphical representation of the distribution and deviation 
of the psrameter evaluated, 

The histogram of cyclone displacement indicates the 24- 
Mer displacement of the cyclone center for cacn i themieur 
Pemeeds for the six types. Hach ordinate unlit indt@eates 
Single occurrence. The abscissa units represent 24° lat/day 
ieicmements 5 

tne Wistogram of central-isobar pressure change regre= 
Sents the 24-hour change of pressure for the corresponding 
periods and types. The ordinate units, as before, represent 
@ single occurrence and the abscissa indicetes the pressure 
‘change, deepening, filling, or no change in 5 mb increments. 

The pressure-gradient histograms denote the distribu- 
Paemeror the five days g$bserved for Sia type ane Bor 2°ci- 
tude increments of 5°, 10°, and 15° as measured due south 
from the low center. The ordinate unit represents a single 
esceurrence, enc the abscissa wait of mMeesume mee Beeot 


i 


pressure difference relative to the center. 
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Ficure 13: Histogram of Type R-5 Pressure Gradients 


a ae 


oO 4o O 20 40 ‘e) 10 Yo £0 


Se = 


nv ££ & G 





© 20 40 O 20 Yo e 20 4 60 | 


pa Bw BD 
é 


C 40 06 20. 40" wie ‘el 20 40 . 60 
ule : Se 


Latitude Increments of dorizontal Distance 


os Benen kJ _ - ae 
LO 
5? 


Bui 


=. 
he 


; 


i] - 


=F 


e*er< «— 


7 
~ a: 


<> 
> 





Figure 14; Histogram of Type R-6 Pressure Gradients 
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Pigure 15: Histogram of Type B-2 Pressure Gradients 
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APPENDIX VI 


Te modal cyclone models” are inclu@ed te wepwecemt tits 
mode, ranre and 25% limit value at each grid point for the 
five -Cay secuence of each of the six types evaluated. The 
grid value representation is illustrated in the following 


meade : 
BA Type 


C+rbd Day 
(E) 
A indicetes the observed modal value of pressure 
differente relative to thewcenter. 


B represents the percentase of the observed semple 
within the 25% limit value. 


C is the minimum pressureedifference value of the 
sample, and is occasionally a negative number. 


D is the maximum value of pressure difference. 


eS) 


indicates the sample size evaluated, 


° 
e 


Isobars are drawn at 4-mb intervals. 


ol 





Mimeere 7-2 : 


G& 
Jd - 





perce ts sive 
Modal Cyclone Mo 
oP Zan 
pet Day 


(17) 





Hipepe lv: TypemZ-] Model Cyelone Medel for 
second Day 


(a) 





63 





Figure 1%7-c: ‘Type 2-1] Mocal Oyclone Model for 
Cae |. Dieay 


~~» 
7 


ts $6 





34 
) 





Tvpe Z-1 Modal Cyclone Model for 





Figure 17-d 
Fourth Day 
(14) 
6, { 
“¢ Iz | ia £7] 3 3 
T416F (35>) e3 
; / | i2 iP? 
fo | Pe 
a | | 
oy a | 
& : aa a : ~ 
oe ; ae = br 33 ye 
Fé «ley Is ra 13 
rs ; ! as7 
vy : 
/ | 
; | Ca 18 67 F ~ 
; f B58 Bz 
H ¢ } eo ' 
| ei, 
| “Hise ( en 
| ase —Bd\ ez wy oo 
\ 7-748 
', y | | Retail 
Le } 


; * a ‘ > ale os 
i S67, 20 7e|z0 be : 
~ le — ——— 6S = 
». | —_ /. Z 
A ee ee ¥ 
) we 0 
ee 44 aa 
ea: sb/ 
a 


sss Se jt 
: 43 95 2. 4 ; ae sof 
od 
ae ad #\y- bl wd 
| a? » 4 di \ 
eee go\ $3 
74 SY “or nh (66 
| 4 
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Figure 19-a: Type R-5 Modal Cyclone Model for 
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Figure 19-b; 


Type R-5 Modal Cyclone Model for 
second Day 
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Figure 19-d: Type R-S Modal Cyclone Model for 
Fourth Day 
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Figure 19-e: Type R-5 Modal Cyclone Model for 
Rit bhe Dag 
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Fieure 2O-e: Type R-6 Medal Cyclone Model for 
First Day 
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Figure 20-b: Type R-6 Modal Cyclone Model for 
Second Day 
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Figure 20-c: Type R-6 Modal Cyclone Model for 


Third Day 
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Fieure 2O-e; Type R-6S Modal Cyclone Nodel for 
inf the Dey 
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Figure 2l-a: Type B-2 Nodal Cyclone Model 
fom Firste Day 
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Pigure 2l-b: Type Be? bwodal Cmclone Model for 
second Day 
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Pigpure 2l-c; Type Be-2 kiodal Cyclone wtiodel for 
Third Day 
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Figure 2l-d3 Type B-2 Modal Cyclone Model for 
; Fourth Day 
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Figure ¢<2-a: Type B-4 Nodal Cyclone Model for 
First Day 
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Figure 22-b:; Type B-4 Modal Cyclone Model for 
second Day 
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Figure 22-c3 Type B-4 Modal “yclone Model for 
Third Day 
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